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SUMMARY 
This i n v e s t i g a t i o n  deals w i t h  the  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  o i l  
j o u r n a l  bear ings, i n c l u d i n g  the  e f f e c t  of e l a s t i c  d i s t o r t i o n s  i n  t h e  bear ing  
l i n e r .  Graphical  r e s u l t s  a re  presented f o r  (1 )  s teady-state load, (2 )  
s t i f f n e s s  and damping c o e f f i c i e n t s ,  and ( 3 )  t he  s t a b i l i t y .  These r e s u l t s  a r e  
aJ given f o r  var ious  slenderness ra t i os ,  e c c e n t r i c i t y  r a t i o s ,  and e l a s t i c i t y  
0 
d 
cr) 
I w 
parameters. The l u b r i c a n t  i s  f i r s t  assumed t o  be isov iscous.  The a n a l y s i s  i s  
then extended t o  t h e  case o f  a pressure-dependent v i s c o s i t y .  I t  has been 
found t h a t  s t a b i l i t y  decreases w i t h  increase o f  the  e l a s t i c i t y  parameter of 
t he  bear ing l i n e r  f o r  heav i l y  loaded bear ings. 
NOMENCLATURE 
a,b i n s i d e  and ou ts ide  radius o f  t h e  bear ing 
B noaroR*/c2 
C 2 + l / l J  
C r a d i a l  c learance 
D j o u r n a l  diameter 
*Nat ional  Research Counci l  - NASA Research Associate.  
dimensionless damping coefficients ( E  = Dc3/noR3L), where the 
first and second subscripts refer to the component of the force 
and the direction of the velocity respectively 
dm,n 
E 
e 
distortion of the m,n harmonic . 
Young's modulus 
eccentricity 
elasticity parameter, F = n o ~ 3 u / c 3 ~  
G a E  
thickness of bearing liner 
film thickness, h = h/c 
H 
h ,  E 
P- i 
dimensionless stiffness coefficients (K = Kc3/nouR3L), where the 
first and second subscripts refer to the component of the force 
and the direction of the displacement respectively 
length of bearing 
mass of rotor, M, mass parameter (M = MCJ/W) 
L 
M, 
axial and circumferential harmonic 
pressure, (p = pc2/n0,R2) 
- 
steady-state and perturbed (dynamic) dimensionless 
pressures 
modified pressure, (i = l/B(l - e-58)) 
journal radius R 
circumferential, radial, and axial coordinates 
dimensionless coordinates, 8 = x/R, = y/a, z = z/(L/2) 
- 
T nondimensional time, T = wpt 
time 
radial, circumferential, and axial displacements 
steady-state load, (w = Wc2/nouR3L) 
u, v, w 
w, w 
piezo-viscosity coefficient a 
harmonic phase angle D 
2 
d deformation of bearjng surface 
c ,  EO eccentricity ratio (C  = e/c), c o  steady-state eccentricity 
ratio 
r l r  no absolute viscosity of oil, ( o o  = viscosity at inlet condition) 
c 
J'ltV2 angular coordinates at which film commences and cavitates, 
respectively measured from minimum film thickness 
T stress 
9 2  fi + J'2 
A ,  lJ Lame's constants 
U Poisson's ratio 
'PI 'PO 
Q whirl ratio (Q = wPh) 
W angular velocity of journal 
attitude angle, 'p0 = steady-state attitude angle 
wP angular velocity of whirl 
INTRODUCTION 
Theoretical research on flexible (soft shell) bearings with a rigid rotor 
was started with the work of Higginson (Ref. 1) using a simplified method (the 
distortion is proportional to the pressure). Since then many workers notably 
Hooke, Brighton, and O'Donoghue (Refs. 2 to 4), Conway and Lee (Refs. 5 
and 6), and Oh and Huebner (Ref. 7) solved the journal bearing problem 
considering the effect of elastic distortions of the bearing liner. In 
Refs. (2) and (3) the analysis dealt with the Infinitely long bearing 
approxlmation. Brighton, Hooke, and O'Donoghue (Ref. 4) described the method 
of solution f o r  finite bearings considering the effect of elastic 
distortions. This paper mentions some of the important experimental findings 
of Carl (Ref. 8). Bozaci et al. (Ref. 9) gave theoretical and experimental 
investigation of a finite journal bearing assumIng that three-fourths of the 
bearing arc was a uniform thin ring,and the remaining one-fourth was rigid. 
3 
Conway and Lee used long and sho r t  bear ing approximat ions,  r e s p e c t i v e l y  i n  
t h e i r  papers (Ref .  5 and 6 ) .  Oh and Huebner (Ref.  7 )  used a f i n i t e -e lemen t  
method which was appl ied t o  f i n i t e  j ou rna l  bear ings. 
I n  recent  years severa l  workers have s tud ied  the  e f f e c t  o f  e l a s t i c  
d i s t o r t i o n  i n  dynamical ly loaded j o u r n a l  bear ings (Refs. 10 t o  13).  From 
these s tud ies  t h e  minimum f i l m  th ickness as a f u n c t i o n  o f  crank angle o f  
engine bear ings can be determined. 
The purpose o f  t h e  present  study i s  t o  i d e n t i f y  t he  th resho ld  o f  o i l  
w h i r l  f o r  a r i g i d  r o t o r  i n  s e l f - a c t i n g  o i l  j o u r n a l  bear ings cons ider ing  t h e  
e l a s t i c  deformat ion o f  the  bear ing l i n e r .  The deformat ion o f  t h e  l i n e r  i s  
est imated by so lv ing  t h e  displacement components i n  the  e l a s t i c  medium. I n  
t h e  s t a b i l i t y  study bo th  t h e  t r a n s l a t o r y  and r o t a t i n g  components o f  j o u r n a l  
v i b r a t i o n  have been considered. Using a f i r s t - o r d e r  p e r t u r b a t i o n  method the  
time-dependent Reynolds equat ion i s  transformed i n  terms o f  s teady-state and 
dynamic pressures.  These pressures are  solved by a f i n i t e - d i f f e r e n c e  method 
us ing  Reynolds boundary cond i t i ons .  
and damping c o e f f i c i e n t s  a re  computed. 
mot ion t o  f i n d  t h e  mass parameter, which i s  a measure o f  s t a b i l i t y .  I n  t h e  
absence o f  exper imental  data, the  t h e o r e t i c a l  mass parameters obta ined by t h i s  
ana lys i s  have been compared w i t h  the  a v a i l a b l e  r e s u l t s  of r i g i d  bear ings.  
From t h e  dynamic pressures t h e  s t i f f n e s s  
These a r e  then used i n  t h e  equat ion o f  
THEORY 
Using the  normal assumptions i n  the  theory o f  hydrodynamic l u b r i c a t i o n  
the  d i f f e r e n t i a l  equation i n  the  bear ing c learance o f  an o i l - l u b r i c a t e d  
bear ing as shown i n  Fig.  1 i s  
2 3  &l ah a x  (h3  2) t a z  (h3 z) = 6q0wR(1 - - a t )  ax  + 1200 (,I 
4 
Eq. ( 1 )  when nondimensional ized w i th  the f o l l o w i n g  s u b s t i t u t i o n s ,  
2 w 
, w i l l  read as: , C = % , T = w t , a n d  Q =  w R C - L nOOR P 
e = - - , h = - - , z = -  X h -  z 
2 
ah a ( f i3 %) = 6 ( 1  - 2Q 
a? ae 
The steady-state f i l m  th ickness  ho 
g 1 ven by 
i n  the  case o f  a f l e x i b l e  bear ing  i s  
( 3 )  
6 h0 = 1 t c 0 cos  e t - C (e,Z) 
where d i s  t he  deformat ion o f  the bear ing surface. 
Before t r y i n g  t o  f i n d  the  so lu t i on  o f  Eq. (1 )  s a t i s f y i n g  t h e  approp r ia te  
boundary cond i t i ons  t h e  e l a s t i c  deformation 6 i s  obta ined i n  t h e  f o l l o w i n g  
way : 
The method i s  s i m i l a r  t o  tha t  of Br igh ton  e t  a l .  ( R e f .  4 ) .  I n  t h e  present  
c a l c u l a t i o n  the  th ree  dlsplacernent components u ,  v, and w .  a re  solved 
s imul taneously  s a t i s f y i n g  the  boundary cond i t ions .  B r igh ton  e t  a l .  ( R e f .  4 ) .  
however, used an approximate method t o  evaluate t h e  displacements. The method 
i s  b r i e f l y  g iven  below. 
The pressure d i s t r i b u t i o n  I n  t h e  bear ing c learance o f  t he  r i g i d  bear ing  i s  
f i r s t  ca l cu la ted  by s o l v i n g  t h e  two-dimensional s teady-state Reynolds equat ion.  
The f i l m  pressure i s  then expressed i n  a double Four ie r  se r ies  o f  t h e  form: 
where c' i n d l c a t e s  t h e  f i r s t  t e r m  o f  the  ser ies  i s  halved, and p m, n 
and 0 are  g iven by 
m,n 
5 
1 '  
+/(U('2 p cos L 
2m cos ne dz de 
= 5 p cos Pm,n 
2m s i n  ne dz de 
1 2m s i n  ne dz de L 2m u z L cos ne dz de 0 = t a n  m,n L -I 
The f i r s t  term o f  the  r ight -hand s ide  o f  Eq. ( 4 )  i s  1/2 Po,o. When 
the  c o n d i t i o n  a t  the end o f  bear ing (p  = 0 a t  z = L/z) i s  used, one can 
ob ta in  p . Although t h i s  term does no t  c o n t r i b u t e  any deformat ion a t  
z = L/2 ,  i t s  e f f e c t  f o r  o ther  values o f  z I s  a l ready inc luded i n  t h e  t o t a l  
0 . 0  
deformat ion.  The boundary cond i t ions  o f  t he  i nne r  rad ius  are  
T = -p rr 
r e  
r z  
T = o  j 
T = o  
The ou ter  surface i s  r i g i d l y  enclosed by t h e  housing prevent ing  any 
displacement o f  t he  ou ter  surface. 
expanding a x i a l l y ,  but a re  f r e e  t o  move c i r c u m f e r e n t i a l l y  o r  r a d i a l l y .  
The ends o f  t he  bear ing a r e  prevented f rom 
The displacement components i n  r, e, and z d i r e c t i o n s  were found 
from the  pressure d l s t r i b u t i o n  which had been expressed i n  a Four le r  se r ies .  
These dlsplacements were s u b s t i t u t e d  i n  the  s t r e s s - s t r a i n  r e l a t l o n s h i p s  
us ing Lame's constants. The SIX components o f  s t resses were  then used i n  t h e  
equations o f  e q u i l i b r i u m  t o  ob ta in  the  f o l l o w i n g  th ree  displacement equat ions.  
6 
- (C t 
1 - (C - 1 )  - 
Y 
- 
2 n dv 1 1  -- 
2 
= o  k &  
ii dY 
'12 - 1)_2 v - - u  t (C - n k2  2 Y a 
du U 2 V ' 1 )  - -  (C - 1) - -  n ( C  - 1 )  - =  0 - - 
d i  Y Y 
where 
2 m ~  a A 
C = 2 t - , k =  P L 
The boundary cond i t i ons  are: 
CI 
1 nLv u 2 - -  du A t  7 = 1, C -  - - ( C  - 2 ) ( 7  t - t k-w) 
P Y i a2 d? 
and 
Equatton ( 7 )  was solved using f i n i t e - d t f f e r e n c e  methods f o r  u n i t  
pressure,  p and R, and the  values o f  d were obta ined and expressed as 
m,n 
- I&!
m,n - Rp d 
The deformatton d o f  the  bear ing sur face w i l l  be 
2m u z (cos ne t 0 ) 
m,n 
( 9 )  
7 
Knowing the  d l s t o r t l o n  c o e f f i c i e n t s  dm,n and us ing the  expressicns f o r  
Pm, n and Om,n f r o m  Eq. ( 5 )  d a t  any p o i n t  (e,?) was computed. 
Using 6 = pc2/,R2 and z = z / (L /2) ,  t he  r a d i a l  deformat ion i n  t h e  - 
and 
f i = f i o  + f eiT cos e t eiT s i n  e 
I 
I \ where 
i nne r  bear ing surface i s  
1 S u b s t i t u t i n g  E q .  (13)  I n t o  Eq. ( 2 )  and c o l l e c t i n g  the  zero th  and t h e  f i r s t -  
order  t e r m s  f o r  tl and t o ~ l ,  the  f o l l o w i n g  se t  o f  equat lons r e s u l t  
d cos llhri cos (ne t I3 )p(e,T) m, n 
d - = 2(1 + u)F 
C 
3 3  
Here p I s  replaced by E/2(1 t u )  and F = qOuR /Ec . 
Let  us now solve Eq. ( 2 ) .  The boundary cond i t ions  are:  
&(e,O) = 0 
a i  
and 
where e i s  t h e  angular coord inate where f i l m  cav i ta tes .  
2 
Assuming t h a t  t he  j o u r n a l  w h i r l s  about i t s  mean s teady-s ta te -pos i t ion  
g iven by c and (P f o r  t h e  f i r s t - o r d e r  per tu rba t ion ,  t h e  pressure 
and f i l m  th lckness can be expressed as 
0 0' 
i T  
C = L  + c e  0 1  
i T  
Q = (Po 'Pie 
8 
. 
and 
2 
t 3 ( f )  5 ( h o 2  2 s i n  e)= 6 cos e t i(24R s i n  e) - 1 
Steady-state S o l u t i o n  
The bear ing pressure was first obtained f rom Eq. ( 1 5 )  assuming a cons tan t  
- 
f i l m  shape ( i .e . ,  h 
(Gauss-Seidel) w i t h  successive over re laxa t ion  scheme. The d i s t r i b u t i o n  was 
expressed as a double Four ie r  ser ies as g iven by Eq. (4). The deformat ion a/c 
(Eq. (11 ) )  was then c a l c u l a t e d  for  a g iven F us lng  d i s t o r t i o n  c o e f f i c i e n t s  
f r o m  Eq.  ( 9 ) .  The f i l m  th ickness equat ion was then mod i f ied  us ing  Eq. ( 3 ) .  
The process was repeated u n t i l  a compatible f i l m  shape and pressure 
d i s t r l b u t i o n  was determined. 
= 1 + to  cos e) and us ing  a f i n i t e - d i f f , e r e n c e  method 
0 
The steady-state load and a t t i t u d e  angle a r e  
9 
-1 eo = t a n  
S o l u t i o n  Under Dynamic Condi t ion 
Having obtained t h e  steady-state pressure d i s t r i b u t i o n  o f  a j o u r n a l  
bear ing having varlous L/D (0.5, 1.0, and 2.0), c (0.6, 0.8, and 0.85) ,  
and F (0, 0.05, 0.1, 0.2, and 0.4) f o r  a constant value o f  H/R = 0.3 and 
e = 0.4, t h e  pressure d i s t r i b u t i o n  under dynamic c o n d i t i o n  was obtained. 
L i n e r  th ickness t o  rad ius r a t i o  of 0.3 and Poisson's r a t i o  o f  0.4 were taken 
i n  t h e  present c a l c u l a t i o n  f o r  t h e  purpose o f  comparison o f  .steady-state 
r e s u l t s  o f  Br ighton e t  a l .  (Ref. 4). The method, however, can handle any 
reasonable value of H/R and u up t o  0.49. For t h i s  purpose Eqs. (16)  
and ( 1 7 )  a re  solved s a t i s f y i n g  t h e  approp r ia te  boundary c o n d l t i o n s  by a 
f i n i t e - d i f f e r e n c e  method us ing  a successive ove r re laxa t i on  scheme. 
S t i f f n e s s  and Damping C o e f f i c i e n t s  
0 
Nondimenslonal s t i f f n e s s  and damping c o e f f i c i e n t s  can be shown t o  be 
(Ref.  15) 
R = -Re[i:f iil cos e de df 1 rr 
= -Re[-:" p2 s i n  e de df I QQ R 
R = -Re[i:[ b1 s i n  e de d? 1 Qr 
D =  rQ 
D =  
cpr 
-Irn[l:f i2 s i n  e de dZ 1 
R 
-Irn[i:l i2  cos e de d i  1 
R 
-Irn[6:'c Fl s i n  e de d j  1 
R 
11 
Stability Charac te r i s t i cs  
Re fe r r i ng  t o  F i g .  1, t he  equations o f  mot ion o f  t he  r i g i d  j o u r n a l ,  a long 
the  l i n e  o f  centers and i t s  perpendicu lar  d i r e c t i o n  can be w r i t t e n  as 
and 
r 1 
F and F a re  the r e s u l t a n t  f i l m  f o r c e s  i n  the  r and Q d i r e c t i o  
r Q 
F o r  steady-state 
F + W C O S ~ ~ = O  0 r o  
(Po 
F - W s i n  cp0 = 0 
S u b s t i t u t i n g  Eqs. (14) and (23)  i n t o  Eqs. (21) and (22) and nondimensional iz ing,  
a f t e r  neg lec t i ng  second-order terms 
(24) 
( 2 5 )  
- 
(-iin2u t i R ~ j , ~  + K~,) Cl t (iConb t c K t FJ s i n  9,) 'pl = o 
t ( - k 2  C R t i R  C b t t K + R cos Qo) '9, = 0 (inn t i$) C1 
rQ 0 rQ 
0 o w  o w  cpr 
F o r  a n o n t r i v i a l  s o l u t i o n  the  determinant o f  Eqs. ( 2 4 )  and (25) must vanish, 
and thus 
2 
t inarr)  (-k? E O  a t C t b CosQo t in C b ) 2- o w  o w  (-Fin w t Krr 
Equating imaginary and r e a l  terms o f  Eq. (26)  t o  zero, we g e t  t h e  f o l l o w i n g  
two equat ions 
12  
1 - 
t ) - ( a  u sin cp0 - Drrm COS Q,) 
cpr 0 Qr rcP 
(28) 
1 K - K K ) t - (KrrP COS cpo - K id sin cp,) = O 
Qr 0 + (Krr CpQ cpr rq c 
- - 
From the above two equations M and Q can be calculated. M is the 
critical mass parameter above which the bearing is unstable. 
Study Under Variable Viscosity 011 
In the foregoing sections a scheme was devised for the analysis of the 
constant viscosity oil. The 
viscosity of most oils increases with pressure and the following relationship 
is assumed 
We now consider the case of variable viscosity. 
( 2 9 )  
aP TI = TIOe 
where no viscosity of the oil at the inlet condition 
a piezo-viscosity coefficient. 
The Reyno 
viscosity case 
where 
and 
ds equation under steady-state condit 
is 
ons for the variable 
- atio 
ae 
The constant B can also be expressed as 
C 
B =  F G ( R )  
13 
where G = QE. 
I t  may be seen Eq. (30)  I s  of the  same form as t h a t  o f  Eq. (15 ) .  I n  t h i s  
case q may be re fe r red  t o  as t h e  modi f ied pressure. We can so l ve  q 
f o l l o w i n g  a s i m i l a r  approach. A f t e r  knowlng qo t he  pressure d i s t r i b u t i o n  
0 
can be found using Eq. (31) f o r  a g iven value o f  B. The e l a s t l c  
deformatlon d i s  then obtained from Eq. (11).  The process was repeated 
u n t i l  t he  f l l m  shape and pressure were converged simultaneously. The 
s t a b l l i t y  study was then made us ing t h e  method given i n  t h e  prev ious sec t i on .  
RESULTS AND DISCUSSION 
The c i r c u m f e r e n t i a l  pressure d i s t r i b u t i o n  obtained from t h e  present  
method o f  s o l u t i o n  has been p l o t t e d  I n  F ig .  2 f o r  var ious values o f  F f o r  a 
p a r t i c u l a r  bear ing.  
increase i n  t h e  e l a s t i c i t y  parameter ( l . e . ,  f o r  s o f t e r  s h e l l s ) .  I n  Table I 
t h e  comparison o f  maximum c e n t e r l i n e  pressures i n  the c i r c u m f e r e n t i a l  
d i r e c t i o n  o f  t h e  present s o l u t i o n  f o r  a f i n i t e  bear ing w l t h  L/D = 1.0, 
E = 0.85, and f o r  values o f  F va ry ing  from 0 t o  0.4 w i t h  those o f  
Ref. (4 )  a re  shown. Table I1 compares the  mass parameter o f  t h e  present  
s o l u t l o n  w l t h  t h a t  o f  A l l a l r e  (Ref. 16) f o r  a r i g i d  bear ing.  Both t a b l e s  
I n d i c a t e  a f a i r  agreement. The f i l m  th ickness a t  t he  c e n t e r l i n e  i n  t h e  
c i r c u m f e r e n t i a l  d i r e c t i o n  I s  p l o t t e d  i n  F ig .  3 .  When F = 0.4, t h e  f i l m  
p r o f l l e  a t  t h e  hlgh-pressure zone shows a s i m i l a r i t y  t o  t h a t  o f  an 
elastohydrodynamic p o i n t  con tac t  cond i t i on .  Fig.  4 shows t h e  s teady-state 
load capaci ty  v a r i a t i o n  w i t h  e l a s t i c i t y  parameter f o r  t h ree  e c c e n t r i c i t y  
r a t i o s  ( i - e . ,  E = 0.6, 0.8, 0.85). Although t h e r e  i s  l i t t l e  v a r i a t i o n  o f  
load w l t h  F a t  l o w  e c c e n t r i c i t y  r a t i o s ,  the load drops very sha rp l y  w i t h  F 
a t  E = 0.85. This load goes below t h e  one t h a t  i s  obtained a t  
E = 0.8 when F approaches a h igh  value. The increase i n  F increases 
the  minimum f l l m  th ickness. This i n  e f f e c t  reduces t h e  t r u e  e c c e n t r i c i t y  
I t  may be seen t h a t  t he  peak pressure decreases w i t h  
0 
0 
0 
0 
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r a t i o ,  t he re fo re  pressures and load capac i ty  drop. I t  may oe mentioned t h a t  a 
s i m i l a r  observat ion has been made by Conway and Lee (Re f .  6 )  w h i l e  ana lyz ing  a 
f l e x i b l e  bear ing us ing  t h e  shor t  bear ing approximat ion.  Because o f  t he  
d i f f i c u l t y  i n  convergency, i t  was no t  poss ib le  t o  study the  e f f e c t  o f  l oad  a t  
values o f  c 0  > 0.85. As t he re  i s  no e f f e c t  o f  e l a s t i c  parameter on t h e  
bear ing  performance f o r  c0  5 0.6, the  r e s u l t s  a r e  presented f o r  c > 0.6. 
0 -  
I n  F igs.  5 and 6 the  s t i f f ness  and damping c o e f f i c i e n t s  f o r  t he  
isov iscous  case have been p l o t t e d  f o r  E = 0.6 and 0.8. I t  i s  ev ident ,  
t he re  i s  l i t t l e  v a r i a t i o n  o f  these c o e f f i c i e n t s  f o r  = 0.6. However, 
some s t i f f n e s s  and damping c o e f f i c i e n t s  (Err, Krq, Or,,) a t  
0 
- - 
co  = 0.8 
vary s i g n i f i c a n t l y  w i t h  F. An increase i n  d i s t o r t i o n  o f  t he  l i n e r  causes t h e  
d i rec t -coup led  r a d i a l  s t i f f n e s s  c o e f f i c i e n t  t o  decrease w h i l e  t h e  d i r e c t  
damping c o e f f i c i e n t  increases. The reverse e f f e c t  was noted f o r  t he  
cross-coupled r-cp s t i f f n e s s  and damping c o e f f i c i e n t s .  Fur ther ,  a l l  o the r  
s t i f f n e s s  and damping c o e f f i c i e n t s  were  r e l a t i v e l y  unaf fec ted  by the  
f l e x i b i l i t y  o f  t h e  bear ing  l iner.  
E c c e n t r i c i t y  r a t i o  p lays an impor tant  p a r t  i n  t h e  margin o f  s t a b i l i t y .  
Th is  can be seen from Fig.  7.  The s t a b i l i t y  th resho ld  f a l l s  r a p i d l y  w i t h  F 
a t  h igher  e c c e n t r i c i t y  r a t i o s .  When one s tud ies  the  s t a b i l i t y  behavior o f  a 
r i g i d  bear ing,  i t  i s  revealed tha t  t he  s t a b i l i t y  i s  n o t  a problem a t  h i g h  
e c c e n t r i c i t y  r a t i o s .  I n  o the r  words, a r i g i d  bear ing i s  h i g h l y  s t a b l e  a t  h igh  
e c c e n t r i c i t y  r a t i o s .  This  can also be v e r i f i e d  f rom Table 11. However, f o r  a 
f l e x i b l e  bear ing l i n e r  t h e  converse i s  t r u e .  The w h i r l  r a t i o  (F ig .  8)  a l s o  
increases very sharp ly  w i t h  F f o r  c 0  = 0.85 and i t  goes w e l l  above 0.5. 
This  i s  a p e r f e c t  example o f  the  l a t i t u d e  t h a t  can be taken w i t h  the  meaning 
o f  l lhalf-frequency w h i r l ' l  s ince the w h i r l  r a t i o  f o r  i n s t a b i l i t y  occurs a t  
values genera l l y  c lose  t o ,  b u t  d i f f e r e n t  f rom 0.5. 
1 5  
l h e  e f f e c t  o f  L/D r a t i o  on s t a b i l i t y  1s shown i n  F ig .  9 f o r  a 
p a r t i c u l a r  value o f  F = 0.2. I t  i s  seen t h a t  t he  bear ing i s  h i g h l y  s t a b l e  
when L/D i s  smal l  bu t  drops d r a s t i c a l l y  as LID increases from 0.5 t o  1. 
The s t a b i l i t y  margin does not decrease much when L/D increases f r o m  1 t o  2. 
A s i m i l a r  t rend  i s  a lso seen f o r  o ther  values o f  F. 
I n  F i g s .  10 and 11 the  v a r i a t i o n  o f  s t a b i l i t y  and w h i r l  r a t i o  on t h e  
pressure-dependent v i s c o s i t y  i s  shown. The s t a b i l i t y  i s  seen t o  improve w i t h  
i nc reas ing  B f o r  a l l  values o f  cO wh i le  the  wh i r l  r a t i o  genera l l y  
decreases w i t h  Increas ing 8. 
CONCLUSIONS 
Numerical methods a re  used t o  determine the  e f f e c t s  o f  e l a s t i c  
d i s t o r t i o n s  i n  t h e  bear ing l i n e r  on bear ing performance and s t a b i l i t y  f o r  a 
f i n i t e  j o u r n a l  bearing. A l i n e a r i z a t i o n  method us ing  a f i r s t - o r d e r  
p e r t u r b a t i o n  theory  was used f o r  t he  s t a b i l i t y  ana lys is .  The f o l l o w i n g  
conclusions were evident:  
1. The reg ion  o f  s t a b i l i t y  decreases as the  bear ing l i n e r  i s  made more 
f l e x i b l e  f o r  h igh  e c c e n t r i c i t y  r a t i o s  (1-e. ,  cO > 0.8). For c < 0.8, 
t he  f l e x i b i l i t y  o f  the bear ing l i n e r  had l i t t l e  o r  no e f f e c t  on s t a b i l i t y .  
0 -  
2. A s  L/D i s  Increased, d i s t o r t i o n  e f f e c t s  a re  more prominent. Th is  
leads t o  a decrease i n  s t a b i l i t y .  
3 .  An increase i n  d i s t o r t i o n  o f  the  l i n e r  causes the  d i rec t -coup led  
r a d i a l  s t i f f n e s s  c o e f f i c i e n t  t o  decrease w h i l e  t h e  d i r e c t  damping c o e f f i c i e n t  
Increases. The reverse e f f e c t  was noted f o r  the  cross-coupled r-(4 
s t i f f n e s s  and damping c o e f f i c i e n t s .  Fur ther ,  a l l  o ther  s t i f f n e s s  and damping 
c o e f f i c i e n t s  were  r e l a t i v e l y  unaffected by the  f l e x i b i l i t y  o f  t h e  bear ing  
l i n e r .  
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4. The hydrodynamic pressure and hence the load capacity i o  reuuced as 
the bearlng liner becomes more flexible, especially at eccentricities greater 
than 0.8. 
5. A s  the bearing liner becomes softer, the whirl ratio, Q, remains 
relatively constant (i.e., 0.46 5 Q f 0.53) for E = 0.6 and 0.8. For 
E = 0.85 the whirl ratio changed drastically (i.e., 0.30 5 $2 5 0.58) with 
an increase in the elasticity parameter. 
0 
0 
6. The stability increases for Increasing viscosity of the oil. 
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TABLE I. - COMPARISON OF MAXIMUM 
STEADY-STATE PRESSURE OBTAINED 
BY THE PRESENT METHOD TO THAT 
OF BRIGHTON ET AL. ( A )  
[L/D = 1.0, " 0  = 0.85, 
u = 0.41 H/R = 0.3, 
17.25 16.60 
0.05 13.50 14.10 
.10 11.50 11.40 1 .20 1 9.00 1 8.70 1 
.40 6.25 6.30 
a I n d i c a t e s  t h e  r e s u l t s  
by B r i g h t o n  e t  a l .  (Ref .  4 ) .  
TABLE 11. - COMPARISON OF THE 
PRESENT SOLUTION W I T H  THAT OF 
ALLAIRE (3) FOR R I G I D  
CYLINDRICAL JOURNAL 
BEARING 
[L/D = 1.0, F = 01 
a i n d i c a t e s  t h e  r e s u l t s  
by A l l a i r e  (Ref .  16 ) .  
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FIGURE 1. - SCHEMATIC DIAGRAM OF A JOURNAL BEARING. 
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FIGURE 7. - VARIATION OF STABILITY WITH ELASTICITY 
PARAMETER (ISOVISCOUS). 
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FIGURE 8. - VARIATION OF WHIRL RATIO WITH 
ELASTICITY PARAMETER (ISOVISCOUS). 
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FIGURE 10. - EFFECT OF VISCOSITY OF OIL ON STABILITY. 
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